Abstract: We report a study of TGFA / Taq I polymorphisms and environmental factors in non-syndromic oral cleft in Southern Brazil. Nonsyndromic cleft case-parent triads were recruited to participate. Clinical data was collected with an emphasis on tobacco and alcohol use during pregnancy. DNA was extracted from peripheral blood and TGFA / Taq I polymorphisms were analyzed by PCR / RFLP with Taq I restriction enzyme. Association of clefts and TGFA / Taq I polymorphisms was determined using a transmission disequilibrium test (TDT). Association of environmental factors, clefts, and genotypes was evaluated with Fisher's exact test. The minor allele frequency was 0.064. We found no evidence of association between TGFA / Taq I polymorphisms and clefting (TDT p = 0.335). We also found no association between TGFA / Taq I polymorphisms and environmental factors (alcohol and/or tobacco). Therefore, no evidence was found that TGFA / Taq I polymorphisms play a role in clefting in this population. No evidence was found that tobacco or alcohol exposure during pregnancy was related to clefting, however a larger sample size is needed to confirm these results.
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Introduction
Orofacial clefts are the most common craniofacial birth defects in humans, with an average worldwide prevalence of 1 in 700 live births. Orofacial clefts represent a significant public health problem that is an immediate and long-term medical and economic burden as well as a social impact on patients and their families. Affected children need multidisciplinary care from birth until adulthood and have a higher morbidity and mortality throughout life. 1 Non-syndromic orofacial clefts, which include cleft lip with or without cleft palate (CL ± P), and cleft palate only (CP) affect speech, hearing, appearance, and cognition. 1 Cleft lip is most frequent in males, and cleft palate in females. 1 Non-syndromic oral clefts have a complex etiology. They are caused by a multifactorial inheritance including both genetic and environmental factors. 2 Epidemiological and experimental data suggest that environmental risk factors including poor nutrition, exposure to medicinal drugs such as phenytoin, and maternal tobacco smoking and alcohol consumpDeclaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript. tion during pregnancy might be important in clefting. 1, 3 Despite some disparities, studies report moderate but statistically significant association between clefting and maternal use of tobacco and alcohol during pregnancy, especially for CL ± P. 4, 5 The transforming growth factor alpha (TGFA) gene is a well-studied candidate gene for oral clefting. TGFA is expressed during craniofacial development in the medial edge epithelium of the palatal shelves. 6 The TGFA protein binds to epidermal growth factor receptor (EGFR) leading to a potent epithelial mitogen response. The TGFA gene acts synergistically with the TGFB protein to promote in vitro cell proliferation.
2 TGFA has been mapped to chromosome 2p13, comprises 80 kb, and consists of six exons coding for a polypeptide of 50 amino acids. 7, 8 The TGFA gene has a restriction fragment length polymorphism when treated with Taq I restriction enzyme located in intron 5 that is 1,602 bp in the 5' direction of the exon 6 acceptor site. A mutant allele shows a four-base (TAAT) deletion changing the 178 bp C1 allele to the 174 bp C2 allele. 9 The first evidence for an association between specific TGFA alleles and non-syndromic CL ± P came from a Caucasian population in the state of Iowa. 10 The association has been confirmed in several populations from different regions of the world. 7 A metaanalysis of studies published before 1997 showed a significant association between a TGFA / Taq I polymorphism and CL ± P in a population of European descent. 11 These findings have been confirmed in a meta-analysis including other ethnic populations. 7 Another study reported a three-fold risk for cleft palate for a child with two copies of the TGFA/ Taq I C2 allele. 12 The TGFA gene seems to have a small but important role in clefting, especially when associated with environmental factors. 7, 13 The aim of this study was to evaluate the association of the TGFA /Taq I polymorphism in non-syndromic oral cleft. We also analyzed the interaction of this polymorphism with the environmental factors of alcohol and tobacco use during pregnancy.
Methodology
This research was approved by the Research Ethics Committee of Hospital de Clínicas de Porto Alegre (04-307).
Case-parent triads were recruited at the Craniofacial and Genetics clinics at the Hospital de Clíni-cas de Porto Alegre (HCPA). Cases were included in this study if they presented with non-syndromic cleft lip, with or without cleft palate, or cleft palate only.
Data were collected from 175 case-parent triads (96 complete case-triads: proband, father and mother; and 79 incomplete case-parents: proband, father or mother). Informed consent was obtained from each subject. A questionnaire was used to gather data on environmental factors (first-trimester maternal use of alcohol and tobacco) as well as consanguinity, family history of malformation, and mother's medical history.
Blood samples for DNA were collected in EDTA tubes. DNA was extracted using an extraction kit according to manufacturer's instructions (Gentra Puregene, Quiagen Inc., Valencia, USA).
TGFA / Taq I polymorphisms were determined by polymerase chain reaction (PCR) followed by restriction-enzyme digestion. Primers were 5'-TCACTTCCCCTTTTTCATCTG-3' (forward primer) and 5'-CGAGGAGGCTCCTGAGGTG-3' (reverse primer). PCR was in 25 µL containing 10 µM each primer, 10 µM deoxynucleotide triphosphate, 50 µM MgCl 2 , 1.5 units Taq polymerase, and 20 ng/µL genomic DNA. PCR conditions were 94°C for 5 minutes, followed by 36 cycles of 94°C for 30 seconds, 56°C for 30 seconds and 72°C for 10 seconds, with a final extension at 72°C for 5 minutes. Amplified DNA fragments were digested with 10 units of Taq I restriction enzyme and buffer (Life Technologies, Grand Island, USA), at 65°C for 3 hours. Fragments were visualized by 2% agarosegel electrophoresis. The TGFA / Taq I polymorphism has a restriction site because of a TAAT deletion. The C1 allele has one fragment of 178 bp and the C2 allele has two fragments of 122 and 52 bp.
Statistical analysis was performed with a transmission disequilibrium test (TDT) using FBAT software (Family Based Association Test) 14 to evaluate the association of oral cleft with TGFA / Taq I polymorphisms. Fisher's exact test was used to evaluate all sets of comparisons. P values lower than 0.05 were considered significant.
Results
Of 175 probands, 91 (52%) were males and 84 (48%) were females. CL ± P was more frequent in males (56.5%), however CP was more frequent in females (71.4%). The highest proportion of cases were CL ± P (147 cases) followed by CP (28 cases). Table  1 shows the distribution of the genotype frequency of TGFA / Taq I polymorphisms in the probands, mothers, and fathers. The allele frequencies of the C1 and C2 alleles were 0.935 and 0.064, respectively. The TDT for the TGFA / Taq I polymorphisms was not significant for oral clefting (p = 0.335).
We observed tobacco smoking during pregnancy in 17 cases and alcohol consumption during pregnancy in 8 cases (Table 2 ). Comparing environmental factors with proband genotypes did not show significant differences in exposed and nonexposed children for either alcohol (p = 0.588) or tobacco (p = 0.606) ( Table 2) .
A comparison of proband phenotypes and environmental factors showed no significant difference between the CL ± P and CP groups by alcohol (p = 0.625) or tobacco use during pregnancy (p = 0.466) ( Table 2) .
Discussion
This study evaluated the association between TGFA / Taq I polymorphisms and two common environmental exposures (maternal cigarette smoking and alcohol consumption during pregnancy) and CL ± P and CP in Southern Brazil.
Our study data showed that CL was more frequent in males and CP was more frequent in females. We also observed a higher prevalence of cases of CL ± P than CP. These data were in accordance with the previous literature. 1 In this study, the C2 allele frequency was 0.06, similar to that reported in previous case-control studies performed in Brazil. 15, 16 Several studies (case-control and case-parent triads) found an association between a TGFA / Taq I polymorphism and clefting; 10, 12, 17, 18 however, other studies did not find an association. [19] [20] [21] [22] We did not find any evidence of association between TGFA / Taq I polymorphisms and oral cleft in the population studied. A previous case-control study performed in the Southern Brazilian population also found no association between the rare TGFA C2 allele and clefting. 15 The TGFA / Taq I polymorphism is predominantly associated in European populations. The Brazilian population represents an ethnic admixture of three different populations: Europeans, Africans, and Amerindians, making it difficult to determine the ethnicity of cases and controls in our population. 23, 24 A negative association between TGFA and clefting in previous Brazilian studies could be due to selection of controls. The TDT approach used in our study tends to avoid population stratification, confirming that TGFA was not associated with nonsyndromic oral cleft in the Southern Brazilian population; however the low C2 allele frequency and low number of heterozygotes could be responsible for this result. Other variants in the TGFA gene are also identified as contributing to clefting. Recently, two single nucleotide polymorphisms, rs382161 and rs3771475, showed significant excess maternal transmission, suggesting a parent-of-origin effect. 13 In addition, the TGFA Taq I marker is located in an intron. This suggests that the marker is in linkage disequilibrium with an as yet unidentified causally relevant allele. 25 In this study, we found no significant association between exposure to alcohol and/or tobacco environmental factors during pregnancy and oral cleft in the population studied. These results could be due to a small sample size, especially the low number of children exposed to environmental factors in our population.
When we compared environmental factors with proband genotypes, we found no significant association. We also had no cases of C2C2 genotype in children exposed to alcohol or tobacco during pregnancy. Several other studies found no association between the C2 allele and maternal tobacco use in CL ± P or CP. 26, 27 A study on the effect of maternal tobacco use and association with allele C2 of the TGFA gene observed significant odds ratios for CP for low users of tobacco (less than 10 cigarettes per day) (OR: 6.16; 95% CI 1.09-34.7) and for moderate-to-heavy users of tobacco (OR: 8.69; 95% CI 1.57-47.8). 17 These data were subsequently confirmed for CL ± P (OR: 6.5; 95% CI: 1.3-35.2) and CP (OR: 9.2; 95% CI: 1.6-59.1) for mothers who used more than 18 cigarettes a day. 28 Maternal smoking is an established risk factor for oral cleft. A meta-analysis of 24 studies estimated that mothers who smoked during pregnancy had a 1.3-fold increased risk of having a baby with cleft lip, with or without cleft palate, and a 1.2-fold risk of cleft palate alone. 4 High levels of alcohol consumption during pregnancy can affect fetal development. One study reported an increased risk of cleft lip with or without cleft palate associated with smoking and an increased risk of cleft palate associated with alcohol consumption. 29 
Conclusions
We found no evidence that a TGFA / Taq I polymorphism played a role in clefting in a Southern Brazilian population. Identification of other genes and factors involved in the development of the human craniofacial region will help to better understand the genetic factors involved in oral cleft. We also found no evidence of an influence of tobacco and alcohol exposure in clefting, however the low prevalence of those environmental factors in our population could have contributed to these findings.
